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This application claims the benefit of Japanese patent application No. 1 1-21975, filed 
January 29, 1999, which is hereby incorporated by reference. 

p Arvr.ttOTTNn OF THF INVENTION 

f jf^lH nf the Invention 

The present invention relates to an organie eleetrolumineseenee (EL) cell and to a method 
for producing the same. More particularly, the present invention relates to an organic EL cell 
that retains its stable light-emitting characteristics over a long period of time and ,0 a method for 
producing such an organic EL cell. 

Dpsm ption ^tiff Related Art 

The strucntre of a conventional organic EL cell is shown in Fig. 4. The organic EL cell 
includes a substrate 1 that is transparent to light and a laminate structure 8 that is formed over the 
substrate 1. The laminate structure 8 includes an anode 2, a hole injecting layer 3 that is made of 
an organic compound, a hole transporting layer 4. a light emitting layer 5, an electron injecting 
layer 6, and a cathode 7. all of which are formed over one another as shown in Fig. 4. 

The substrate 1 is made of, for example, a transparent glass, quartz, sapphire, or an 
organic film The anode 2 is made of. for example, indium tin oxide (ITO). The cathode 7 is 
made of a highly reactive alloy composed mainly of an alkah metal or an alkaline earth metal, 
which is capable of electron emission at a low energy level. 

The disadvantage of the organic EL cell shown in Fig. 4 is that the laminate structure 8 is 
exposed to the atmosphere. As a result, the cathode 7 of the laminate structure 8 is subject to 
oxidation by the motsture contained in the atmosphere. This oxidation by the moisture leads to 
deterioration in the light-emitting characteristics of the organic EL cell. 
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Several arrangement have been ""templa.ed^ove^me^tUs disadvanage. For 
exan»ple, Japanese Paten. Laid-Open Application No^«^e«6rtW>Jiscloses the sealing of the 
laminate structure 8 in an airtight container 10. which holds a desiccan. 9. as shown in Fig. 5A. 
A second arrangement is disclosed in Japanese Patent Laid-Open Application No. 

The second arrangement suggests covering the surface of the laminate structure 8 
^with a protective film 1 1 , which is made of SiO, or Si,N, as shown in ^-j^- ' 
arrangement disclosed in Japanese Patent Laid-Open Application No^«44««98 suggests 
covering the surface of the lammate strucBtre 8 with a resin film for isolation from the 
atmosphere. 

Each arrangement has a respective drawback. The first one increases the thickness and 
the weight of the EL cell. The second one needs a thick protective film and consequently, 
increases residual stress and takes a longer time for its formation. The residual stress may cause 
warpage and crack the substrate and thus, degrade chatacteristic properties of tire EL cell. 
Moreover, the protective film has to be tirick enough to protect tire EL cell from damage during 
the manufacture process or the repair process, which includes a step of burning or opening a 
defective cell with a laser beam. Finally, tire third arrangement is incomplete in preventing tile 
cell from moisture. 



^U^T^T^P^ ™ TNVENTION 
2 0 Accordingly, the present invention is directed to an organic EL cell that substantially 

obviates one or more of the problems due to limitations and disadvantages of the related art. 

An ol 



object of the present invention is to provide an organic EL cell and a method for 
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producing the same such .ha. .he EL cell is pro,ec,ed fro,n mo,s.urc tot is detf men.al .0 its 

light-emitting characteristics. 

Additional feamres and advan.ages of .he invention will be se. forth in dte descrip.ion 
which follows, and will be apparent from .he description, or may be learned by practice of the 
mvention. The objects and other advantages of the invention will be realized and attained by the 
sm-ctire particularly poin.ed out in the written descrip.ion and claims hereof as well as .he 
appended drawings. 

In a firs, aspect and .0 achieve .hese and other advantages in accordance with the purpose 
of the invention, as embodied and broadly descnbed herein, an organic EL cell for preventing 
moismre that deKriora.es .he ligh..emi..ing charac.eris.ics of .he organic EL cell includes a 
substrate; a lammate structure formed on the subs.rate. where.n the laminate strucmre includes a. 
least an anode, an orgamc light emitting layer, and a cathode; a first sealing film formed on the 
laminate stmcmre; and a second sealing film formed on .he firs, sealing film. 

I„ a second aspec.. .he p«sen. inveniion provides a metitod for producing an organic EL 
cell for preveming moisiure .ha. de.eriora.es .he ligh.-em,«ing charac.eris.ics of .he organic EL 
cell and that includes a substrate and a laminate stmchtre formed on .he substrate, wherein the 
laminate stiucure includes at leas. a. anode, an organic light emitting layer, and a cathode, 
including the steps of forming a first sealing film on the laminate s.rac.ure and forming a second 

sealing film on the first sealing film. 

,„ a titird aspect, the present invention provides an organic EL cell havmg a substrate and 
a laminate structure thereon composed of at least an anode, an organic Ught-emitting layer, and a 
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cathode, characterized m that the latni^ate structure has its surface sealed sequentially with an 
inorganic passivation film, which is formed by vapor deposition, and a resin Elm. 

,„ a fourth aspect, the present invention provides an organic EL cell having, in addition to 
the features of the organic EL cell of the third aspect, a resin film that is coated with an inorganic 
passivation film formed by vapor deposition. 

In a fifth aspect, the present invention provides an organic EL cell having a substrate and 
a laminate structure thereon composed of a. least an anode, an organic light-emining layer, and a 
cathode, characterized in that the laminate structure has its surface sealed sequentially with a 
resin film and an inorganic passivation film that is formed by vapor deposition. 

In a sixth aspect, the present mvention provides an organic EL cell having, in addition to 
the features of the organic EL cell of the fifth aspect, an inorgamc passivation film that is coated 
with a resin film. 

,„ a seventh aspect, the present invention provides an organic EL cell having, in addition 
to the features of the organic EL cells of any of the third through sixth aspects, an inorganic 
passivation film that is made of silicon nitride. 

In an eight aspect, the present invention provides a method for production of an organic 
EL cell composed of a substrate and at least an anode, an orgartic light-emitting layer, and a 
cathode sequentially laminated thereon, including the steps of sealing the surface of the laminate 
strucntre sequentially with an inorganic passivation film, which is formed by vapor deposition 
and a resin film. 
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,„ a ninth aspect, the present invention provides a method including, in addition to the 
features of the method of the eighth aspect, the step of covering the resin f.ln, with an inorganic 
passivation film formed by vapor deposition. 

,„ a tenth aspect, the ptesem invention provides a method for production of an orgamc EL 
cei, composed of a suhstrate and at least an anode, an organic hght-emitting layer, and a cathode 

secuenttally with a resin film and an inorganic passivation film, which is fonned hy vapor 

deposition. 

,n an eleventh aspect, the present invention proves a method including, in addition to 
U,e features of the method of the tend, aspect, the step of covenng the inorgamc passivatton film 

with a resin film. 

,n a twelfth aspect, the present invention provides a method having, in addition to the 
features of the method of the eleventh aspect, an inorganic passivation film that is made of 

silicon nitride and formed by plasma CVD. 

in a thtrteenth aspect, the present tnvention provides a medtod having, in addition to the 

from a raw material gas composed only of silane and nitrogen. 

I. is to he understood that both the foregoing general description and the following 
detailed descriptton are exemplary and explanatory and are intended to prov.de further 
explanation of the invention as claimed. 
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yp,^.), p.-cm»i rTinN OF THF A WINGS 

The accompanyng drawings, wh.ch are included .0 prov,de a further understanding of .he 
invention and are incotporated in and constitute a par. of this specification, illustrate 
embodiments of the invention and together wth the descnption serve .0 explain the principles of 

the invention. 

In the drawings: 

Fig. 1 is a sectional view of an organic EL cell in accordance with a first embodiment of 

the present invention; 

Fig. 2 is a sectional view of an organic EL cell in accordance with a second embodiment 

of the present invention; 

Figs. 3A and 3B are sectional views of organic EL cells in accordance with a third and a 

fourth embodiment of the present invention; 

Fig. 4 is a sectional view showing a conventional organic EL cell; and 

Figs. 5A and 5B are sectional views of arrangements that have been contemplated to 

overcome the disadvantages of the organic EL cell shown in F,g. 4. 

prT ^11 rr r--i'TP^-"~ prefebbebembqbimehis 

Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings. Wherever possible, 
the same reference numbers wiU be used throughout tite drawings .0 refer ,„ the same or like 

parts. 
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A first embodiment of the present invention will be explained now by referring to Fig. 1, 
which shows a sectional view of an organic EL cell. As shown in Fig. 1, the organic EL cell 
includes a substrate 1 and a laminate structure 8. The laminate structure 8 includes an anode 2, a 
hole injecting layer 3, a hole transporting layer 4, a Ught emitting layer 5, an electron injecting 
layer 6, and a cathode 7. The substrate 1 and the laminate structure 8 are similar to the substrate 
1 and the laminate structure 8 shown in Fig. 4 and described in the foregoing description. 
However, in this first embodiment, the surface of the laminate structure 8 also is sequentially 
sealed with a film 20 made of silicon nitride (SiNJ and a film 21 made of resin. 

The method for producing the organic EL cell shown in Fig. 1 will now be described. A 
transparent substrate 1 undergoes vapor deposition to form a transparent anode 2 in conformity 
with an electrode pattern (not shown). The anode 2 is made of, for example, indium tin oxide 
(ITO). A hole injecting layer 3, a hole transporting layer 4, a light emitting layer 5, and an 
electron injecting layer 6 are formed sequentially on the anode 2 by vapor deposition. In one 
example, the hole injecting layer 3 is made of copper phthalocynaine, the hole transporting layer 
4 is made of triphenylamine derivative (TPD), the light-emitting layer 5 is made of aluminum 
chelate complex (Alq3), and an electron injecting layer 6 is made of lithium oxide (Li,0). The 
cathode 7 is formed on the electron injecting layer 6 such that the pattern of the cathode 7 
opposes the pattern of the anode 2. In one example, the cathode 7 is made of aluminum. 

The resulting assembly that includes the glass substrate 1 and the laminate structure 8 that 
is formed on the glass substrate 1 is transferred into the chamber of a plasma chemical vapor 
deposition (CVD) without being exposed to the atmosphere. As a result, the resulting assembly 
has its surface sealed with a film 20, which is made of silicon nitride (SiNJ. 
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In tt,is embodimeat, plasma CVD was carried out by using a raw material gas composed 
only of silane (SiH.) and nitrogen (NJ, with thetr flow rate controlled at 10 seem and 200 seem, 
respectively, in a chamber at HOX and 0.9 Terr and supplied with an RF power of lOW. TTre 

resulting film was about 2 M^m thick. 

The sealing fllm 20. which is made of silicon nitride, was found to have a residual stress 
that was as small as 0.06.10' dyn/cm' immediately after film forming and -0.17 x 10' dyr^cm' 
aner a long time lapse. The plus value represents the compressive stress and the minus value 
represents the tensile stress. Moreover, the organic EL cell remained stable in its operation 
without the cracking or peeling of the sealing film 20 even after being exposed to a room 
temperamre or a high temperature and high humid.ty. For example, the organic EL cell was 
stable m its operation and the sealing film 20 did no. crack or peel even af>er being exposed to a 
temperature of 60"C and a humidity of 95 %RH for 500 hour.. 

The sealing film 20. which is made of silicon mtride 20 and formed by plasma CVD as 
mentioned m the foregoing description, is firrther sealed with a film 21 that is made of resin by 
spin coating or d.pping. For example, the resin may be fluorocarbon resin or silicon resin. 

,n this fir., embodiment, the silicon nitride sealing film 20 prevents the cell flrom 
moisture and the resin sealing fllm 21 prevents scratches. 

A second embodiment of the present invention will now be explained by referring to Fig. 
2. The organic EL cell shown in F,g. 2 .s s.milar to the first embodiment shown m Fig. 1 with 
one substantia, difference. The difference is that in the first embodiment, the laminate structure 
8 in ,s sealed sequentially with a sil.con nitride film 20 and a resin fllm 21. but m the second 
embodrment. the laminate strucmre 8 is sealed se,uent,ally wrth a resin film 21 and a s.licon 
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„,„ide mm 20. AS a resu,. of «s d.flerence, .he second embodiment has an advantage over the 
fet one t„ that the sealing f,.m is less lively to be datnaged by laser bean, that ntight — 
in intensity when used to repair defective pixels. 

Tn,e laser repair of defecjiye pixels will be descrjb^now by refernng to Japanese «enr- 

^^^^^^^^^t^.;oa^^^^ 

^ diseloses a ntethod of treating defecfve pixels in the n^atrix display unit. Ptxels on a line 

,efeetivepixelwithou.brea.ingtheelectrodelinebyd,rectinga,aserbean,atthedefectivepixel 

rbrough the clear substrate. The laser repair needs accurate focusing. Accordingly, in the first 
en,bodin,en.,alaserbea,nthat.soutoffoct.™ybreaUhesiUconn,tridefiln,, Which is infertor 

,n strength, resulting tn a cell that is not Mly protected agamst moisture. In the second 
S embodin,ent,however,thisisnottruebeca„sea,aserbeantoutoffocusstri.es«teres,nf.,nr. 

F! which is stronger, rather than the silicon nitride film. 

I The firs, embodiment also has advantages over the second one. As compared to the 

ii second embodiment, one advantage ,s that dte outer restn film 21 of the firs, embodtment 
protects .he silicon nittide film 20 from ex.emal shocks. 

With reference to Figs. 3A and 3B, the third »td fourth embodiment of the present 
,„vention will be now described. The dnrd embodtmen. shown in Fig. 3 A is similar to .he first 
,0 embodtmem shown in Fi, . with the exception of an additional silicon nitride sealing film 20' 
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the sealing film 20' may be replaced by cover glass. Cover glass increases strength, but it cannot 
be applied to those cells formed on a flexible substrate. 

The fourth embodiment shown in Fig. 3B is similar to Fig. 2 with the exception of an 
additional resin sealing film 21', which is formed on the silicon nitride sealing film 20. This 
resin sealing film 21' protects the silicon nitride sealing film 20 from external shocks. 

The four embodiments are not limited to the foregoing description. For example, instead 
of using a silicon nitride film 20, which is formed by plasma CVD, to prevent the cell fi-om 
moisture, any inorganic passivation film may be used. For example, instead of using silicon 
nitride, SiO„ A\p„ or diamond-like carbon (DLC) may be used. Moreover, the inorganic 
passivation film may be formed by sputtering or vacuum deposition. 

The present invention provides an organic EL cell that has its laminate structure sealed 
sequentially with an inorganic passivation film or a silicon nitride film and a resin film. These 
sealing films have a low residual stress and fully protect the organic EL cell from moisture. 

While the invention has been described in detail and with reference to specific 
embodiments thereof, it will be apparent to one skilled in the art that various changes and 
modifications can be made therein without departing from the spirit or scope thereof Thus, it is 
intended that the present invention covers the modifications and variations of this invention 
provided they come within the scope of the appended claims and their equivalents. 
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